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DESCRIPTION 

SCATTERING MEDIUM MEASURING APPARATUS AND 
MEASURING METHOD 
Technical Field 

[0001] The present invention relates to a scattering medium measuring 
apparatus and measuring method for internal information of a 
scattering medium such as a living body. 
Background Art 

[0002] Recently, attention has focused on light-based living body 
measurement due to the advantages of being non-destructive and non- 
invasive. In such a measuring method, a scattering medium such as a 
living body to be measured is exposed to light having a predetermined 
wavelength such as near-infrared light so that the light propagates 
through the inside thereof. Then, a photodetector detects light emitted 
outside after propagation to obtain internal information (e.g. 
information about the concentration of oxygenated/deoxygenated 
hemoglobins in the living body) of the scattering medium from the 
detection result. 

[0003] Various measurements may also be made such as providing 
multiple channels for such a scattering medium measurement to make a 
simultaneous multipoint measurement and thereby to obtain image data 
of the scattering medium. Such a technique for a scattering medium 
measurement using near-infrared light can be utilized for a brain 
function measurement in a living body, for example. A light-based 
measurement capable of reducing the size of an apparatus, achieving a 
low restriction, or obtaining a high sensitivity is suitable for measuring 
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the activation of a brain easily (refer to Patent Documents 1 and 2 and 
Non-Patent Document 1, for example). 

Patent Document 1 : Japanese Patent Application Laid-Open No. Hei- 
09-184800 

5 Patent Document 2: Japanese Patent Application Laid-Open No. 2001- 

178708 

Non-Patent Document 1: H.Eda et al., "Multichannel time-resolved 
optical tomographic imaging system," Review of Scientific Instruments 
Vol.70, p.3595 (1999) 
1 0 Disclosure of the Invention 

Problems to be Solved by the Invention 

[0004] As a method for measuring internal information of a scattering 
medium using near-infrared light, there has been known, for example, a 
method that uses CW light as measuring light, TRS (Time Resolved 

15 Spectroscopy) method that utilizes the time-resolved waveform of 

detected light for pulse light, or PMS (Phase Modulation Spectroscopy) 
method that utilizes modulated light. Among these methods, the TRS 
method allows the selection of an optical path length in a scattering 
medium by selecting the time component of detected light using the 

20 time-resolved waveform thereof, whereby it is possible to measure 

internal information accurately. 

[0005] On the other hand, in such a light-based measurement, it is 
necessary to arrange an irradiation probe for irradiating a scattering 
medium with light and a detection probe for detecting light from the 
25 scattering medium at a constant spacing to form a channel for the 

scattering medium measurement. When trying to make a 
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multichannel measurement using such an arrangement, there occurs a 
spatial restriction such as ensuring a sufficient distance between 
adjacent channels. Also, in the case of arranging adjacent channels 
closely to each other, there arises a problem of crosstalk between the 
channels. 

[0006] The present invention has been made to solve the above- 
described problems, and an object thereof is to provide a multichannel 
scattering medium measuring apparatus and measuring method capable 
of suppressing crosstalk between channels without a spatial restriction. 
Means for Solving the Problem 

[0007] In order to achieve the foregoing object, the present invention is 
directed to a scattering medium measuring apparatus comprising N 
pieces (N represents an integer of 2 or more) of measuring modules 
with each having light irradiating means for irradiating a scattering 
medium with pulse light irradiated from a predetermined light 
irradiating position to measure internal information thereof non- 
invasively and at least one light detecting means for detecting light 
irradiated from the light irradiating means and propagating through the 
inside of the scattering medium at a predetermined light detecting 
position, wherein N pieces of the light irradiating means corresponding, 
respectively, to the N pieces of measuring modules are adapted to 
irradiate the scattering medium with the pulse light successively at 
different irradiation timings, and wherein the light detecting means is 
adapted to detect light at a detection timing synchronized with the 
irradiation timing of the corresponding light irradiating means. 
[0008] The present invention is also directed to a scattering medium 
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measuring method which uses a measuring apparatus comprising N 
pieces (N represents an integer of 2 or more) of measuring modules 
with each having light irradiating means for irradiating a scattering 
medium with pulse light irradiated from a predetermined light 
irradiating position to measure internal information thereof non- 
invasively and at least one light detecting means for detecting light 
irradiated from the light irradiating means and propagating through the 
inside of the scattering medium at a predetermined light detecting 
position, wherein N pieces of the light irradiating means corresponding, 
respectively, to the N pieces of measuring modules are adapted to 
irradiate the scattering medium with pulse light successively at 
different irradiation timings, and wherein the light detecting means is 
adapted to detect light at a detection timing synchronized with the 
irradiation timing of the corresponding light irradiating means. 
[0009] In the above-described scattering medium measuring apparatus 
and measuring method, a plurality of measuring modules composed of 
light irradiating means and light detecting means are installed to 
achieve a multichannel measurement. Also, using pulse light and 
synchronizing the irradiation timing and detection timing thereof with 
each other allows for a TRS method-based measurement. 
[0010] In addition, N pieces of measuring modules are adapted to 
irradiate and detect light at different timings. This allows crosstalk 
between adjacent channels to be suppressed even in the case of 
arranging measuring modules of the adjacent channels closely to each 
other. Also, since measuring modules are allowed to be arranged 
closely to each other, it is possible to make a measurement at a desired 
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spatial resolution without a spatial restriction. Further, N pieces of 
measuring modules are used to irradiate and detect light successively to 
make a circuit of the measurement- This allows for a measurement of 
internal information of the scattering medium in a sufficient real-time 
manner in response to the change of internal information. 
[0011] Here, the measuring apparatus preferably comprises timing 
instruction means for instructing the light irradiating means and the 
light detecting means included in each of the N pieces of measuring 
modules, respectively, on the irradiation timing and the detection 
timing. In this case, the operation of the measuring apparatus can be 
controlled suitably. It may alternatively be arranged that the timing is 
controlled from an external apparatus. 

[0012] Also, the interval of the irradiation timing between two of the 
light irradiating means having successive irradiation timings is 
preferably 1 |isec or less. In this case, internal information can be 
measured in a sufficient real-time manner. In addition, the timing 
interval is further preferably lOOnsec or less, for example, 50 to 60nsec. 
[0013] With respect to the arrangement of the light irradiating means, 
it may be arranged that N pieces of light sources are installed to supply 
pulse light, respectively, to N pieces of the light irradiating means. It 
may alternatively be arranged that M pieces (M represents an integer of 
1 or more to less than N) of light sources are installed to supply pulse 
light to a plurality of light irradiating means among N pieces of the 
light irradiating means. 

[0014] Also, with respect to the arrangement of the light detecting 
means, it may be arranged that part of a plurality of the light detecting 
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means is shared by a plurality of the measuring modules. It may 
alternatively be arranged that the light detecting means is respectively 
included in one corresponding measuring module. 
Effects of the Invention 

[0015] The scattering medium measuring apparatus and measuring 
method according to the present invention exhibits the following 
effects. That is, a plurality of measuring modules composed of light 
irradiating means and light detecting means are installed to achieve a 
multichannel measurement of the scattering medium. Also, using 
pulse light and synchronizing the irradiation timing and detection 
timing thereof with each other allows for the TRS method-based 
measurement. 

[0016] In addition, N pieces of measuring modules are adapted to 
irradiate and detect light at different timings. This allows crosstalk 
between adjacent channels to be suppressed even in the case of 
arranging measuring modules of the adjacent channels closely to each 
other. Also, since measuring modules are allowed to be arranged 
closely to each other, it is possible to make a measurement at a desired 
spatial resolution without a spatial restriction. Further, N pieces of 
measuring modules are used to irradiate and detect light successively to 
make a circuit of the measurement. This allows for a measurement of 
internal information in a sufficient real-time manner in response to the 
change of internal information of the scattering medium. 
Brief Description of the Drawings 

[0017] [FIG. 1] FIG. 1 is a block diagram showing the configuration of 
a scattering medium measuring apparatus according to a first 
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embodiment. 

[FIG. 2] FIG. 2 is a view schematically showing a scattering 
medium measuring method which uses the measuring apparatus shown 
in FIG. 1. 

[FIG. 3] FIG. 3 is a timing chart showing the operation of the 
measuring apparatus shown in FIG. 1 . 

[FIG. 4] FIG. 4 is a view showing an example of arranging 
measuring modules in relation to a scattering medium. 

[FIG. 5] FIG. 5 is a timing chart showing the operation of a 
measuring apparatus having the arrangement example shown in FIG. 4. 

[FIG. 6] FIG. 6 is a view showing an example of arranging 
measuring modules in relation to a scattering medium. 

[FIG. 7] FIG. 7 is a view showing an example of arranging 
measuring modules in relation to a scattering medium. 

[FIG. 8] FIG. 8 is a graph showing time-resolved waveform 
data when varying the distance between a light irradiating position and 
a light detecting position. 

[FIG. 9] FIG. 9 is a view showing the positional relationship 
between adjacent measuring modules. 

[FIG. 10] FIG. 10 is a view showing the positional relationship 
between adjacent measuring modules. 

[FIG. 11] FIG. 11 is a graph showing time-resolved waveform 
data based on light from an adjacent measuring module. 

[FIG. 12] FIG. 12 is a graph showing the absorption spectrum 
of an oxygenated hemoglobin and deoxygenated hemoglobin. 

[FIG. 13] FIG. 13 is a graph showing an example of a time- 
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resolved waveform. 

[FIG. 14] FIG. 14 is a view schematically showing the optical 
path distributions in a scattering medium corresponding to light 
components detected, respectively, at (a) t = ti, (b) t = t 2 , and (c) t = t 3 . 

[FIG. 15] FIG. 15 is a view showing a selection of depth 
information in a scattering medium based on a TRS method. 

[FIG. 16] FIG. 16 is a block diagram showing the configuration 
of a scattering medium measuring apparatus according to a second 
embodiment. 

[FIG. 17] FIG. 17 is a timing chart showing the operation of the 
measuring apparatus shown in FIG. 16. 

[FIG. 18] FIG. 18 is a view showing an example of arranging 
measuring modules in relation to a scattering medium. 

[FIG. 19] FIG. 19 is a block diagram showing an exemplary 
variation of the configuration of the measuring apparatus shown in FIG. 
1. 

[FIG. 20] FIG. 20 is a block diagram showing an exemplary 
variation of the configuration of the measuring apparatus shown in FIG. 
16. 

[FIG. 21] FIG. 21 is a view showing another example of 
arranging measuring modules in relation to a scattering medium. 
Description of Symbols 

[0018] 1: First measuring module, 10: Pulse light source, 11: 
Irradiation probe, 60, 70: Photodetector, 61, 71: Detection probe, 61a, 
71a: Shutter, 62, 72: Signal processing circuit, 63, 73: AID converter, 
64, 74: Memory, 
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2: Second measuring module, 20: Pulse light source, 21: 
Irradiation probe, 22: Optical delay device, 80, 90: Photodetector, 81, 
91: Detection probe, 81a, 91a: Shutter, 82, 92: Signal processing circuit, 
83, 93: AID converter, 84, 94: Memory, 

30: Pulse light source, 50: Trigger circuit, 51, 52: Delay circuit, 
40: Photodetector, 41: Detection probe, 41a: Shutter, 42: Signal 
processing circuit, 43: A/D converter, 45: Selector, 46, 47: Memory. 
Best Modes for Carrying Out the Invention 

[0019] Preferred embodiments of the scattering medium measuring 
apparatus and measuring method according to the present invention 
will hereinafter be described in detail with reference to the 
accompanying drawings. Additionally, in the descriptions of the 
drawings, identical components are designated by the same reference 
numerals to omit overlapping description. Also, the dimensional 
ratios in the drawings do not necessarily correspond to those in the 
descriptions. 

[0020] FIG. 1 is a block diagram schematically showing the 
configuration of a scattering medium measuring apparatus according to 
a first embodiment of the present invention. FIG. 2 is a view 
schematically showing a scattering medium measuring method which 
uses the scattering medium measuring apparatus shown in FIG. 1. 
The scattering medium measuring apparatus is adapted to measure 
internal information of a scattering medium non-invasively using the 
light-based TRS method such as near-infrared light. As a scattering 
medium to be measured using the measuring apparatus can be cited, for 
example, a living body. Also, as internal information to be measured 
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can be cited, for example, the relative concentration of hemoglobins 
and oxygen saturation in a living body. 

[0021] The measuring apparatus shown in FIG. 1 comprises two 
measuring modules, i.e., first and second measuring modules 1 and 2. 
[0022] The first measuring module 1 has light irradiating means 
including an irradiation probe 1 1 , first light detecting means including 
a first detection probe 61, and second light detecting means including a 
second detection probe 71. The irradiation probe 11 is arranged at a 
light irradiating position Pi 0 specified on a scattering medium SM 
(refer to FIG. 2). The irradiation probe 11 is connected with a pulse 
light source 30 for supplying pulse light (e.g. picosecond-order pulse 
light) to the scattering medium SM to measure internal information 
thereof non-invasively via an optical system such as an optical fiber, 
which constitutes the light irradiating means of the measuring module 1 . 
Pulse light supplied from the light source 30 and having a 
predetermined wavelength passes through the optical fiber and the 
irradiation probe 11, and then irradiates the scattering medium SM 
from the light irradiating position Pi 0 . 

[0023] Here, in accordance with a specific measuring method, etc., as 
the pulse light source 30, used is a short pulse light source for 
supplying one wavelength of pulse light or a light source unit 
composed of a plurality of short pulse light sources for supplying pulse 
light having their respective different wavelengths as exemplified in 
FIG. 2. 

[0024] The detection probe 61 is arranged at a first light detecting 
position Pn specified on the scattering medium SM. The detection 
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probe 61 is connected with a photodetector 60 for detecting light 
irradiated from the irradiation probe 11 and propagating through the 
inside of the scattering medium SM via an optical system such as an 
optical fiber, which constitutes the first light detecting means. Light 
made incident into the light detecting position Pn of the scattering 
medium SM passes through the detection probe 61 and the optical fiber, 
and then the light intensity is to be detected in the photodetector 60. 
Also, between the detection probe 61 and the photodetector 60 is 
installed a shutter 61a for controlling the passage of light from the 
detection probe 61 to the photodetector 60. 

[0025] As is the case with the foregoing arrangement, the detection 
probe 71 is arranged at a second light detecting position Pi 2 specified 
on the scattering medium SM. The detection probe 71 is connected 
with a photodetector 70 via an optical fiber, etc., which constitutes the 
second light detecting means. Light made incident into the light 
detecting position Pi 2 of the scattering medium SM passes through the 
detection probe 7 1 and the optical fiber, and then the light intensity is 
to be detected in the photodetector 70. Also, between the detection 
probe 71 and the photodetector 70 is installed a shutter 71a. 
[0026] In addition, there are provided signal processing circuits 62 and 
72, A/D converters 63 and 73, and memories 64 and 74 for detection 
signals outputted, respectively, from the photodetectors 60 and 70. 
These circuit systems are arranged in such a manner as to be capable of 
making a measurement using the time-correlated single-photon 
counting method in which discrete pulse light is detected and integrated. 
[0027] More specifically, the signal processing circuits 62 and 72 are 
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adapted to perform signal processing required to obtain intensity 
information or time information, etc., of detected light for detection 
signals from the photodetectors 60 and 70. The signal processing 
circuits 62 and 72 can be composed, respectively, of pulse height 
discriminators (CFDs) 62a and 72a for discriminating detection signals 
by input light from noise signals and time-amplitude converters (TACs) 
62b and 72b for converting time information into voltage, as shown in 
FIG. 2, for example. 

[0028] Also, the A/D converters 63 and 73 are adapted to convert 
electrical signals from the signal processing circuits 62 and 72 into 
digital signals. Then, digital signals output from the A/D converters 
63 and 73 are stored, respectively, in histogram memories 64 and 74 to 
be used for generating time-resolved waveform of detected light and 
for obtaining internal information of the scattering medium SM using 
the waveform. Here, as the photodetectors 60 and 70, various 
photodetectors such as photomultiplier tubes (PMTs) exemplified in 
FIG. 2 and photodiodes can be used. 

[0029] On the other hand, the second measuring module 2 has light 
irradiating means including an irradiation probe 21, first light detecting 
means including a first detection probe 8 1 , and second light detecting 
means including a second detection probe 91. The irradiation probe 
21 is arranged at a light irradiating position P 2 o specified on a scattering 
medium SM. The irradiation probe 21 is connected with the pulse 
light source 30 via an optical fiber, etc., which constitutes the light 
irradiating means of the measuring module 2. That is, in the present 
embodiment, one pulse light source 30 is installed as a common light 
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source for the two measuring modules 1 and 2, wherein pulse light 
supplied from the light source 30 is branched to be used in both the 
measuring modules 1 and 2. 

[0030] Also, in the measuring module 2, between the light source 30 
and the irradiation probe 21 is provided an optical delay device 22 for 
delaying pulse light supplied from the light source 30 by a 
predetermined time AT. Pulse light supplied from the light source 30 
and having a predetermined wavelength passes through the optical fiber, 
the optical delay device 22, and the irradiation probe 21, and then 
irradiates the scattering medium SM from the light irradiating position 
P 2 o. As the optical delay device 22, for example, an optical fiber 
having a predetermined length (optical path length) can be used. 
[0031] The detection probe 81 is arranged at a first light detecting 
position P 2 i specified on the scattering medium SM. The detection 
probe 81 is connected with a photodetector 80 via an optical fiber, etc., 
which constitutes the first light detecting means. Light made incident 
into the light detecting position P 2 i of the scattering medium SM passes 
through the detection probe 8 1 and the optical fiber, and then the light 
intensity is to be detected in the photodetector 80. Also, between the 
detection probe 81 and the photodetector 80 is installed a shutter 81a. 
[0032] As is the case with the foregoing arrangement, the detection 
probe 91 is arranged at a second light detecting position P 22 specified 
on the scattering medium SM. The detection probe 91 is connected 
with a photodetector 90 via an optical fiber, etc., which constitutes the 
second light detecting means. Light made incident into the light 
detecting position P 22 of the scattering medium SM passes through the 
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detection probe 91 and the optical fiber, and then the light intensity is 
to be detected in the photodetector 90. Also, between the detection 
probe 91 and the photodetector 90 is installed a shutter 91a. 
[0033] In addition, there are provided signal processing circuits 82 and 
92, A/D converters 83 and 93, and memories 84 and 94 for detection 
signals output, respectively, from the photodetectors 80 and 90. The 
arrangement of these circuit systems in the measuring module 2 is the 
same as that of the circuit systems in the measuring module 1 . 
[0034] There is installed a trigger circuit 50 for controlling the 
operation timing of each part of the measuring apparatus that comprises 
the above-described measuring modules 1 and 2. The trigger circuit 
50 is a timing instruction means for instructing the light irradiating 
means and the light detecting means included in the measuring 
modules 1 and 2, respectively, on the irradiation timing and the 
detection timing of pulse light. 

[0035] FIG. 3 is a timing chart showing the operation of the scattering 
medium measuring apparatus shown in FIG. 1. Here, in the timing 
chart of FIG. 3, the graph (a) shows pulse light applied in the 
measuring modules 1 and 2, the graph (b) shows a detection signal and 
a trigger signal input into a signal processing circuit in the measuring 
module 1, and the graph (c) shows a detection signal and a trigger 
signal input into a signal processing circuit in the measuring module 2. 
[0036] In the present embodiment, the trigger circuit 50 is adapted to 
send a trigger signal for instructing one pulse light source 30 
corresponding to the irradiation timing of pulse light from each of the 
irradiation probes 1 1 and 21 in the respective measuring modules 1 and 
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2, as indicated by the dashed line Sto in the graphs (a) to (c) of FIG. 3. 
[0037] Pulse light emitted from the light source 30 in response to the 
trigger signal is to be applied from the irradiation probe 11 at a 
predetermined irradiation timing to the scattering medium SM as pulse 
light Ai without passing through an optical delay device in the 
measuring module 1. Additionally, the pulse light is to be applied 
from the irradiation probe 21 to the scattering medium SM as pulse 
light A 2 after being delayed by a predetermined time AT in the optical 
delay device 22 in the measuring module 2 (graph (a)). This allows 
pulse light to be applied from the irradiation probes 11 and 21 
corresponding to the two respective measuring modules 1 and 2 to the 
scattering medium SM successively at different irradiation timings of a 
timing interval AT. 

[0038] After the pulse light Ai is irradiated from the irradiation probe 
1 1 in the first measuring module 1, a light component passing through 
an optical path Ln (refer to FIG. 2) reaches the detection probe 61 to be 
detected by the photodetector 60. The detection signal detected by the 
photodetector 60 is sent to the CFD 62a, and the CFD 62a outputs a 
detection signal Ci delayed by a time Ti from the irradiation timing of 
the pulse light Ai (graph (b)). The detection of a light component 
passing through an optical path L J2 will be performed in the same 
manner as above by the photodetector 70. 

[0039] On the other hand, the trigger circuit 50 is adapted to send a 
trigger signal for detecting light at a predetermined detection timing 
synchronized with the irradiation timing of the pulse light Ai from the 
irradiation probe 11 to the two signal processing circuits 62 and 72 
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included in the measuring module 1 . For example, in the case where 
the detection signal Ci from the CFD 62a is input to the TAC 62b as a 
start signal, the trigger circuit 50 sends a trigger signal Bi delayed by a 
time T 0 from the irradiation timing of the pulse light Ai to be used as a 
stop signal in the TAC 62b (graph (b)). This allows a time-resolved 
measurement of the detection signal from the photodetector 60. The 
time-resolved measurement of a detection signal input from the 
photodetector 70 to the signal processing circuit 72 will be made in the 
same manner as above. 

[0040] Subsequently, after the pulse light A 2 is irradiated from the 
irradiation probe 21 in the second measuring module 2, a light 
component passing through an optical path L 2 i reaches the detection 
probe 81 to be detected by the photodetector 80. The detection signal 
detected by the photodetector 80 is sent to the CFD 82a, and the CFD 
82a outputs a detection signal C 2 delayed by a time T 2 from the 
irradiation timing of the pulse light A 2 (graph (c)). The detection of a 
light component passing through an optical path L 22 will be performed 
in the same manner as above by the photodetector 90. 
[0041] On the other hand, the trigger circuit 50 is adapted to send a 
trigger signal, e.g. trigger signal B 2 to be used as a stop signal in the 
TAC, for detecting light at a predetermined detection timing 
synchronized with the irradiation timing of the pulse light A 2 from the 
irradiation probe 21 to the two signal processing circuits 82 and 92 
included in the measuring module 2 (graph (c)). This allows a time- 
resolved measurement of the detection signals from the photodetectors 
80 and 90. 
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[0042] This completely goes once through a measurement of 
irradiating and detecting light successively using the two measuring 
modules 1 and 2. Then, repeating such a measurement multiple times 
and integrating the detection results thereof allows the time-resolved 
waveform of detected light to be used for a TRS method-based 
measurement of internal information of a scattering medium to be 
obtained. In the graph (d) of FIG. 3 is exemplarily shown a time- 
resolved waveform Dj as an integration of time- voltage converted 
signals obtained by the detection signal C\ and the trigger signal B x in 
the measuring module 1 shown in the graph (b). Additionally, the 
trigger circuit 50 may control not only the signal processing circuits but 
also, for example, the operation timing of shutters provided between 
the detection probes and the photodetectors. Also, in the case of using 
a photodetector having a gating function, the trigger circuit 50 may 
control the timing of a gating operation for switching the photodetector 
ON and OFF instead of the shutter. 

[0043] In addition, although the number of measuring modules in FIG. 
1 to FIG. 3 is two for simplification purposes, it is generally possible to 
construct a measuring apparatus comprising N pieces (N represents an 
integer of 2 or more) of measuring modules. Also, the number of 
light detecting means (detection probes) included in each measuring 
module may be generally at least one, that is, one or more. 
[0044] The effect of the scattering medium measuring apparatus and 
measuring method according to the above-described embodiment will 
be described below. 

[0045] In the measuring apparatus and measuring method shown in 
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FIG. 1 to FIG. 3, a plurality of measuring modules composed of light 
irradiating means including an irradiation probe and light detecting 
means including a detection probe are installed to achieve a 
multichannel scattering medium measurement that allows image data to 
be obtained. Also, using not CW light but pulse light as measuring 
light and synchronizing the irradiation timing of pulse light in the light 
irradiating means and the detection timing of corresponding light in the 
light detecting means with each other allows for a TRS method-based 
measurement. 

[0046] In addition, the two measuring modules 1 and 2 are adapted to 
irradiate and detect light at different timings. This allows crosstalk 
between adjacent channels to be suppressed even in the case of 
arranging the measuring modules 1 and 2 of the adjacent channels 
closely to each other on a scattering medium SM. Further, since 
measuring modules are allowed to be arranged closely to each other 
due to the suppression of crosstalk, it is possible to make a 
measurement at a desired spatial resolution without a spatial restriction. 
[0047] FIG. 4 is a view showing an example of arranging measuring 
modules in relation to a scattering medium. This figure shows an 
arrangement example in which four measuring modules 1 A to 4 A are 
arranged closely to each other. Among these measuring modules 1A 
to 4 A, the upper-left measuring module 1A is arranged to include an 
irradiation probe 100 and four detection probes 101 to 104 arranged at 
each vertex of a square centering on the irradiation probe 100. Also, 
the lower-left measuring module 2A, upper-right measuring module 3A, 
and lower-right measuring module 4A have the same arrangement as 
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above. 

[0048] If there is a time variation in internal information in a living 
body measurement, etc., each measuring module preferably irradiates 
and detects light simultaneously. However, in the arrangement shown 
in FIG. 4, in the case of irradiating pulse light simultaneously from 
each irradiation probe of the measuring modules 1 A to 4 A, for example, 
the detection probes 201 and 203 among those included in the 
measuring module 2A, which are positioned on the side of the 
measuring module 1A, receive not only the light from the irradiation 
probe 200 of the measuring module 2A but also the light from the 
irradiation probe 100 of the adjacent measuring module 1A, resulting in 
crosstalk between the channels. 

[0049] On the contrary, irradiating and detecting light successively at 
different timings as mentioned above allows for a measurement while 
preventing crosstalk between adjacent channels as shown in the graphs 
(a) to (d) of FIG. 5, which are timing charts of the operation for the 
arrangement example shown in FIG. 4. 

[0050] Also, the measuring apparatus and measuring method according 
to the above-described embodiment goes once through a measurement 
of irradiating and detecting light successively using N pieces (2 pieces 
in the example shown in FIG. 1, while 4 pieces in the example shown 
in FIG. 4) of measuring modules, and then repeats the measurement 
multiple times to make a time-resolved measurement of detected light. 
[0051] For example, as a method for obtaining such an integrated time- 
resolved waveform of detected light as shown in the graph (d) of FIG. 
3 one of making a measurement multiple times successively using a 
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measuring module to obtain an integrated time-resolved waveform, and 
of making such a measurement sequentially in each measuring module 
(refer to Non-Patent Document 1: H.Eda et al., Review of Scientific 
Instruments Vol. 70, p. 3595 (1999) for example) can be considered. 
However, in such a method, it is necessary to make a measurement 
multiple times in one measuring module to obtain a time-resolved 
waveform, resulting in a significant difference in the measurement 
timing for each measuring module (e.g. one to several seconds). Such 
a difference in measurement timing becomes a problem especially in 
the case of, for example, measuring the temporal change of 
oxygenated/deoxygenated hemoglobins in a living body. 
[0052] On the contrary, switching a plurality of measuring modules 
one by one to make a measurement successively suppresses the 
difference in measurement timing between measuring modules down to 
about the interval AT of the irradiation timing of pulse light. This 
allows for a measurement of internal information of the scattering 
medium in a sufficient real-time manner in response to the change of 
internal information. 

[0053] With respect to the measurement timing, the interval AT of the 
irradiation timing between two light irradiating means (two measuring 
modules) having successive irradiation timings of pulse light is 
preferably ljusec or less. This allows for a measurement of internal 
information in a sufficient real-time manner in response to the 
measurement level of the scattering medium such as living body 
measurement level (about 100msec or more). In addition, the timing 
interval AT is further preferably lOOnsec or less, for example, 50 to 
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60nsec. 

[0054] Also, in the arrangement shown in FIG. 1, in the measuring 
apparatus is provided a trigger circuit 50 as timing instruction means 
for instructing the measuring modules 1 and 2 on the irradiation timing 
and the detection timing of light. This allows the operation of the 
measuring apparatus to be controlled suitably. However, with respect 
to such a timing instruction, it may alternatively be arranged that the 
timing is controlled from an external apparatus. 

[0055] Here, in Patent Document 2: Japanese Patent Application Laid- 
Open No. 2001-178708 describes the art of arranging a plurality of 
light irradiation devices and light detection devices on a test body. 
However, the apparatus is arranged simply in such a manner that the 
light irradiation devices and the light detection devices are arranged 
alternately, but not composed of a plurality of measuring modules. 
On the contrary, in the measuring apparatus shown in FIG. 1 , there are 
installed a plurality of measuring modules composed of light irradiating 
means and light detecting means in a corresponding manner, in each 
measuring module is made a time-resolved measurement with the 
irradiating and the detecting of light being synchronized with each 
other, and there is performed a successive measurement between a 
plurality of measuring modules. This can achieve a multichannel 
measuring apparatus capable of suppressing crosstalk between channels 
without a spatial restriction as mentioned above. 

[0056] Also, with respect to the arrangement of a measuring apparatus 
comprising a plurality of measuring modules, the above-described 
arrangement can generally be applied to a measuring apparatus 
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comprising N pieces (N represents an integer of 2 or more) of 
measuring modules with each having light irradiating means and at 
least one light detecting means as mentioned above. Further, the 
measuring modules may be arranged variously. 

[0057] FIG. 6 and FIG. 7 are views showing other examples of 
arranging measuring modules in relation to a scattering medium. In 
the arrangement example shown in FIG. 6, four measuring modules IB 
to 4B having the same configuration as that of the measuring modules 
1A to 4 A shown in FIG. 4 are arranged in such a manner as to be 
overlapped partially with each other. In this case, the distance 
between adjacent light detecting positions is approximately half of the 
case shown in FIG. 4. Thus, in accordance with the measuring 
apparatus and measuring method according to the foregoing 
arrangement, irradiation probes and detection probes can be arranged at 
a higher density in relation to a scattering medium to make a 
measurement at a higher resolution. 

[0058] In the arrangement examples (a) to (c) of FIG. 7 are shown 
examples of arranging measuring modules when designating the head 
of a living body as a scattering medium to be measured. In each 
arrangement example, at the center of each measuring module is 
positioned an irradiation probe with a plurality of detection probes 
arranged therearound. 

[0059] In the arrangement example (a) of FIG. 7, two measuring 
modules 1C and 2C with probes arranged in a regular hexagonal shape 
are arranged at a sufficient mutual distance so as not to have a problem 
with crosstalk. Also, in the arrangement example (b), two measuring 



22 



FP04-0229-00 



modules ID and 2D with probes arranged in a regular pentagonal shape 
are arranged in such a manner as to be overlapped partially with each 
other. Further, in the arrangement example (c), three measuring 
modules IE, 2E and 3E with probes arranged in a rectangular shape are 
arranged closely to each other or in such a manner as to be overlapped 
partially with each other. 

[0060] Thus, in the scattering medium measuring apparatus according 
to the present invention, measuring modules may be arranged variously. 
However, with respect to the arrangement in each measuring module, it 
is preferable to arrange probes in a shape where each light detecting 
position has the same distance from a light irradiating position such as 
a regular polygonal shape. 

[0061] Additionally, in the case where an irradiation probe and a 
detection probe are extremely close to each other or in the same 
position, it is preferable to block light using, for example, a mechanical 
or liquid crystalline shutter to protect the photodetector connected to 
the detection probe. Also, in the case of using a photodetector having 
a gating function, the trigger circuit 50 may preferably control the 
timing of a gating operation for switching the photodetector ON and 
OFF. In this case, it is only required to perform a gating operation of 
stopping the operation of the photodetector while irradiating light from 
an irradiation probe. 

[0062] Here, in the case of a PMT, gating means switching the PMT 
electrically to measure only a signal with a desired time width. Using 
such a gating function allows a photodetector to be protected from 
excessive light made incident instead of a shutter. Also, as a high- 
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speed photodetector, a streak camera may be used. Further, as an 
irradiation probe and a detection probe, a bundle fiber in which a 
plurality of detecting optical fibers are arranged around an irradiating 
optical fiber may be used. 

[0063] The effect of suppressing crosstalk between adjacent channels 
in accordance with the measuring apparatus and measuring method 
according to the foregoing arrangement will further be described below. 
[0064] FIG. 8 is a graph showing time-resolved waveform data when 
varying the distance between a light irradiating position and a light 
detecting position. In this graph, the horizontal axis represents time 
(channel), while the vertical axis represents the number of counts (log). 
Also, the graphs Gl, G2, G3 and G4 show waveform data, respectively, 
at a distance of 4, 6, 8 and 10cm between a light irradiating position 
and a light detecting position. Additionally, 2000ch corresponds to 
about 50nsec for the horizontal axis. 

[0065] For the waveform data, three types of short pulse laser beams 
having a wavelength of 760, 800 and 830nm are used as pulse light for 
irradiating a scattering medium. Correspondingly, in each graph 
shown in FIG. 8, a time-resolved waveform having three peaks 
corresponding to the three wavelengths is obtained. Also, the greater 
the distance between a light irradiating position and a light detecting 
position, the lower the light intensity and thereby peak height becomes 
lower, and the weighted center of the peaks deviate backward due to 
time delay. 

[0066] The distance between a light irradiating position and a light 
detecting position in an actual measurement is about 2.5 to 4cm. 
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Assuming the distance between an irradiation probe 100 and a 
detection probe 101 in a measuring module 1 as 4cm, while the 
distance between an irradiation probe 200 in an adjacent measuring 
module 2 and the detection probe 101 as 6cm as shown in the 
arrangement example of FIG. 9, when irradiating pulse light 
simultaneously from the irradiation probes 100 and 200, the effect of 
crosstalk between the adjacent measuring modules is not small as 
found from the graphs Gl and G2 in FIG. 8. 

[0067] On the contrary, assuming the distance between the irradiation 
probe 200 in the adjacent measuring module 2 and the detection probe 
101 as 8cm or more reduces the effect of crosstalk, while the measuring 
modules cannot be arranged closely to each other, resulting in 
significant restriction in a measurement. Further, in the case where 
adjacent measuring modules 1 and 2 are in contact with each other as 
shown in the arrangement example (a) of FIG. 10 or where adjacent 
measuring modules 1 and 2 are arranged in such a manner as to be 
overlapped partially with each other as shown in the arrangement 
example (b) of FIG. 10, it is impossible to make an accurate 
measurement. 

[0068] For example, in the arrangement example (a) of FIG. 10, the 
detection probe 101 measures light from the irradiation probe 200 that 
is 4cm apart therefrom as shown in the graph (a) of FIG. 1 1 . On the 
contrary, in the arrangement example (a) of FIG. 10, in accordance 
with the above-described method that uses a plurality of measuring 
modules for a successive synchronized measurement, the detection 
probe 101 does not measure light from the irradiation probe 200 as 
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shown in the graph (b) of FIG. 1 1 . Thus appropriately specifying the 
interval of measurement timing between a plurality of measuring 
modules (e.g. SOnsec) to make a successive measurement allows 
crosstalk between channels to be suppressed without a spatial 
restriction in respect to, for example, the arrangement of probes. 
[0069] Next will be described the TRS method-based measurement of 
internal information of a scattering medium to be used in the above- 
described measuring apparatus and measuring method as well as the 
advantages thereof in the case of measuring the concentration of 
oxygenated hemoglobins (Hb0 2 ) and deoxygenated hemoglobins (Hb) 
in a living body, for example. 

[0070] Although oxygen in a living body cannot be measured directly 
in a light-based living body measurement, the light absorption 
spectrum of pigment protein such as hemoglobin, which is involved in 
oxygen metabolism in blood, differs between an oxygenated state and a 
deoxygenated state, whereby it is possible to indirectly obtain 
information about oxygen metabolism in a living body. 
[0071] The absorption spectrums (wavelength dependency of optical 
absorption property) of oxygenated hemoglobins and deoxygenated 
hemoglobins are shown in FIG. 12. In the absorption spectrum of 
hemoglobins, although light is attenuated significantly in a wavelength 
range of 600nm or less to make it difficult to measure transmitted light, 
the use of near-infrared light (having a wavelength of, for example, 700 
to HOOnm which can be less attenuated in a living body) allows for 
such a transmitted light measurement. 

[0072] The absorbance A for near-infrared light that transmits through 
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a living tissue can be represented approximately by the following 

Equation (1) by applying the Beer-Lambert law: 

[Equation 1] 

A = log(l 0 /I) 

= k.o 2 [Hb0 2 ] + s Hb [Hb]}L + S • • • (1 ) 

[0073] Here, I 0 represents the amount of light incident, I the amount of 
transmitted light, £Hb02 the absorbance coefficient of Hb0 2 , Em the 
absorbance coefficient of Hb, [Hb02] the concentration of oxygenated 
hemoglobins, [Hb] the concentration of deoxygenated hemoglobins, L 
the effective optical path length, and S the extinction degree due to 
scattering. In the case of actually calculating the concentration of 
hemoglobins using Equation (1), some lights having a wavelength that 
exists in the near-infrared light range are used. In FIG. 12 are shown 
three wavelengths of 760, 800 and 830nm as an example. 
[0074] In such a light-based measurement, the measuring method that 
uses CW light as measuring light has a problem of running short of 
information regarding the optical path length of light to be detected in a 
scattering medium to make a quantitative measurement. .Meanwhile, 
the TRS method-based measuring method that uses pulse light exhibits 
an advantage that a variety of information including information 
regarding the optical path length can be obtained. 

[0075] The behavior of light in a scattering medium such as a living 
body can be described by a light-diffusion equation as a function of the 
scattering coefficient and the absorbance coefficient for the light and 
the distance between a light irradiating position and a light detecting 
position. For example, when pulse light sufficiently short in time has 
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entered a half-infinite medium, the light intensity R (p, t) at a time "t" 
at a position "r" on the same plane as the incident point can be 
represented by the following Equation (2): 
[Equation 2] 



R{pj) = (AnDcY 12 z 0 f 5 ' 2 exp(- //.c^exp 



4Dc 



(2) 



[0076] Here, p (cm) represents the position of a photodetector, t (sec) 
the time after the pulse light made incident, D (cm) the diffusion 
coefficient D = 1/3 |i s ', |i s ' (cm" 1 ) the equivalent scattering coefficient, c 
(cm/sec) the light speed in the medium, z 0 (cm) the value z 0 = 1/jli s % 

10 and ji a (cm" 1 ) the absorbance coefficient. The absorbance coefficient 

and the scattering coefficient for light can be calculated by using the 
light-diffusion equation to analyze a time-resolved waveform obtained 
by a TRS method-based scattering medium measurement that uses 
pulse light. Then, utilizing the relationship between the absorbance 

15 coefficient and the concentration of absorbing substance (e.g. 

hemoglobin) allows for a quantitative determination of the 
concentration of the absorbing substance in the scattering medium. 
[0077] In optical mapping and optical CT using such a scattering 
medium measuring method, it is one of the goals, for example, to 

20 obtain a two- or three-dimensional distribution of the oxygen 

concentration in a living body. Optical CT has gained attention as a 
simple and safe imaging diagnostic method capable of making a 
successive measurement non-invasively relative to PET and fMRI. 
[0078] Although in order to perform an image reconstruction through 

25 optical mapping (including two- or three-dimensional) or optical CT, it 
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is necessary to obtain sufficient internal information about the living 
body, and the CW light-based measurement can only obtain a limited 
amount of information. On the contrary, the TRS method-based 
measurement can obtain extremely large amounts of information 
through waveform data composed of, for example, 500 pieces of data 
even in the case of a single pair of a light source and photodetector, 
which is advantageous for image reconstruction, etc. 
[0079] FIG. 13 is a graph showing an example of time-resolved 
waveform obtained through a TRS method-based scattering medium 
measurement. In this graph, the horizontal axis represents time t (ns), 
while the vertical axis represents the light intensity detected (a.u.). In 
such waveform data, here will be considered the case of selecting the 
time components at t = ti = 2ns, t 2 = 8ns, and t 3 = 20ns. 
[0080] FIG. 14 is a view schematically showing the optical path 
distributions in a scattering medium SM corresponding to light 
components detected, respectively, at (a) t = ti, (b) t = t 2 , and (c) t = t 3 . 
Here, a two-dimensional planar model is used, 80mm on a side, with 
the assumption that the distance between a light irradiating position P 0 
and a light detecting position Pi is 75mm. 

[0081] When the time-resolved waveform data shown in FIG. 13 is 
obtained between the light irradiating position P 0 and the light 
detecting position Pi, in the waveform data, the optical path 
distribution of the corresponding light component in the scattering 
medium SM varies in accordance with the detection time "t." More 
specifically, as shown in the optical path distributions (a) to (c) of FIG. 
14, the longer the delay in the time "t," the longer the optical path 
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length in the scattering medium SM, and thereby the deeper the optical 
path distribution becomes. Therefore, making a measurement using 
the TRS method and selecting a light component using the obtained 
time-resolved waveform data in accordance with the detection time "t" 
allows the selection of depth information in the scattering medium at 
the identical measuring positions Po and Pi. 

[0082] The selection of depth information in a scattering medium in 
the TRS method will further be described below with reference to FIG. 
15. Here, the case of a measurement using three measuring positions 
P 0 , Pi and P 2 specified on a scattering medium for the probe 
arrangement shown in the arrangement example (a) of FIG. 1 5 will be 
considered. These measuring positions are arranged at the same 
spacing in the order of Pi, P 0 and P 2 . 

[0083] In such an arrangement as above, the region Ri (first layer) 
from the surface with each measuring position specified thereon to a 
depth of "d" and the region R 2 (second layer) of a depth of "d" or more 
are specified as regions to obtain internal information of the scattering 
medium SM to be measured. Such a region is specified 
correspondingly to the layer structure from the epidermis to inside the 
body in, for example, a living body measurement. 

[0084] In the case of thus specifying a plurality of measuring regions, 
since it is impossible to select depth information through a CW light- 
based measuring method, it is necessary to change the distance between 
the measuring positions as shown in the optical path distributions (b) 
and (c) of FIG. 15. That is, in the case of measuring the shallow 
region R l5 P 0 is specified as a light irradiating position, while P] and P 2 
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as light detecting positions to reduce the distance between the light 
irradiating position and each light detecting position. On the other 
hand, in the case of measuring the deep region R 2 , Pi is specified as a 
light irradiating position, while P 2 as a light detecting position to 
increase the distance between the light irradiating position and the light 
detecting position. In such a measurement, since it is necessary to 
switch a light irradiating position and a light detecting position, it is 
impossible to obtain data of the regions Ri and R 2 simultaneously. It 
is also necessary to use a probe having both functions of light 
irradiating means and light detecting means such as a coaxial fiber for 
the measuring position Pj. 

[0085] On the contrary, in a TRS method-based measuring method, it 
is possible to select depth information by selecting a light component in 
accordance with the detection time "t" as mentioned above. Therefore, 
as shown in the optical path distributions (b) and (d) of FIG. 15, the 
regions Ri and R 2 can be measured simultaneously while keeping the 
same arrangement that P 0 is specified as a light irradiating position, 
while P! and P 2 as light detecting positions. Thus, in a TRS method- 
based scattering medium measurement, it is possible to obtain 
extremely large amounts of information effectively using time-resolved 
waveform data. 

[0086] The scattering medium measuring apparatus and measuring 
method according to the present invention will further be described 
below. 

[0087] FIG. 16 is a block diagram schematically showing the 
configuration of a scattering medium measuring apparatus according to 
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a second embodiment of the present invention. The measuring 
apparatus shown in FIG. 16 comprises two measuring modules, i.e., 
first and second measuring modules 1 and 2. 

[0088] The first measuring module 1 has light irradiating means 
including an irradiation probe 1 1 , first light detecting means including 
a first detection probe 61, and second light detecting means including a 
second detection probe 71. Among these components, the 
arrangement of the irradiation probe 1 1 in the light irradiating means, 
the detection probe 61, photodetector 60, and circuit systems in the first 
light detecting means, and the detection probe 71, photodetector 70, 
and circuit systems in the second light detecting means is the same as 
those shown in FIG. 1 . 

[0089] The irradiation probe 1 1 is connected with a pulse light source 
10 for supplying pulse light to a scattering medium SM (refer to FIG. 
2) to measure internal information thereof non-invasively via an optical 
system such as an optical fiber, which constitutes the light irradiating 
means of the measuring module 1 . Pulse light supplied from the light 
source 10 and having a predetermined wavelength passes through the 
optical fiber and the irradiation probe 11, and then irradiates the 
scattering medium SM from a light irradiating position P 10 . 
[0090] Meanwhile, the second measuring module 2 has light 
irradiating means including an irradiation probe 21, first light detecting 
means including a first detection probe 81, and second light detecting 
means including a second detection probe 91. Among these 
components, the arrangement of the irradiation probe 21 in the light 
irradiating means, the detection probe 81, photodetector 80, and circuit 
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systems in the first light detecting means, and the detection probe 91, 
photodetector 90, and circuit systems in the second light detecting 
means is the same as those shown in FIG. 1 . 

[0091] The irradiation probe 21 is connected with a pulse light source 
20 via an optical fiber, etc., which constitutes the light irradiating 
means of the measuring module 2. That is, in the present embodiment, 
two pulse light sources 10 and 20 are installed individually for each of 
the two measuring modules 1 and 2, and pulse light supplied from the 
light sources 10 and 20 are used, respectively, in the measuring 
modules 1 and 2. Pulse light supplied from the light source 20 and 
having a predetermined wavelength passes through the optical fiber and 
the irradiation probe 21, and then irradiates the scattering medium SM 
from a light irradiating position P 20 . 

[0092] There is installed a trigger circuit 50 for controlling the 
operation timing of each part of the measuring apparatus that comprises 
the above-described measuring modules 1 and 2. The trigger circuit 
50 is a timing instruction means for instructing the light irradiating 
means and the light detecting means included in the measuring 
modules 1 and 2, respectively, on the irradiation timing and the 
detection timing of pulse light. 

[0093] FIG. 17 is a timing chart showing the operation of the scattering 
medium measuring apparatus shown in FIG. 16. Here, in FIG. 17, the 
graph (a) shows pulse light applied in the measuring module 1, the 
graph (b) shows a detection signal and a trigger signal input into a 
signal processing circuit in the measuring module 1, the graph (c) 
shows pulse light applied in the measuring module 2, and the graph (d) 
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shows a detection signal and a trigger signal input into a signal 
processing circuit in the measuring module 2. 

[0094] In the present embodiment, the trigger circuit 50 is adapted to 
send trigger signals for instructing two pulse light sources 10 and 20 on 
the irradiation timing of pulse light from each of the irradiation probes 
1 1 and 21 in the respective measuring modules 1 and 2, as indicated by 
the dashed line S t \ in the graphs (a) and (b) and by the dashed line St2 in 
the graphs (c) and (d) of FIG. 17. 

[0095] Pulse light emitted from the light sources 10 and 20 in response 
to the trigger signals is to be applied from the irradiation probes 1 1 and 
21 at a predetermined irradiation timing to the scattering medium SM 
as pulse light Ai and A 2 without passing through an optical delay 
device in both the measuring modules 1 and 2. Also, the trigger 
signal for the pulse light source 20 is delayed by a predetermined time 
AT from the trigger signal for the pulse light source 10 to be sent 
(graphs (a) and (c)). This allows pulse light to be applied from the 
irradiation probes 11 and 21 corresponding to the two respective 
measuring modules 1 and 2 to the scattering medium SM successively 
at different irradiation timings of an interval AT. 

[0096] After the pulse light A] is irradiated from the irradiation probe 
11 in the first measuring module 1, a light component reaching the 
detection probe 61 is detected by the photodetector 60. The 
photodetector 60 outputs a detection signal Ci delayed by a time Ti 
from the irradiation timing of the pulse light Ai (graph (b)) in response 
to the detected light. The detection of a light component by the 
photodetector 70 will be performed in the same manner as above. 



34 



FP04-0229-00 



[0097] On the other hand, the trigger signal for the light source 10 
from the trigger circuit 50 is branched to be sent also to two signal 
processing circuits 62 and 72 included in the measuring module 1. 
The branched trigger signal enters the signal processing circuits 62 and 
72 via a delay circuit 51 as a trigger signal, e.g. trigger signal Bi to be 
used as a stop signal in the TAC, for detecting light at a predetermined 
detection timing synchronized with the irradiation timing of the pulse 
light Ai from the irradiation probe 1 1 (graph (b)). This allows a time- 
resolved measurement of the detection signals from the photodetectors 
60 and 70. 

[0098] Subsequently, after the pulse light A 2 is irradiated from the 
irradiation probe 21 in the second measuring module 2, a light 
component reaching the detection probe 81 is detected by the 
photodetector 80. The photodetector 80 outputs a detection signal C 2 
delayed by a time T 2 from the irradiation timing of the pulse light A 2 
(graph (d)) in response to the detected light. The detection of a light 
component by the photodetector 90 will be performed in the same 
manner as above. 

[0099] On the other hand, the trigger signal for the light source 20 
from the trigger circuit 50 is branched to be sent also to two signal 
processing circuits 82 and 92 included in the measuring module 2. 
The branched trigger signal enters the signal processing circuits 82 and 
92 through a delay circuit 52 as a trigger signal, e.g. trigger signal B 2 to 
be used as a stop signal in the TAC, for detecting light at a 
predetermined detection timing synchronized with the irradiation 
timing of the pulse light A 2 from the irradiation probe 21 (graph (d)). 
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This allows a time-resolved measurement of the detection signals from 
the photodetectors 80 and 90. 

[0100] This completely goes once through a measurement of 
irradiating and detecting light successively using the two measuring 
modules 1 and 2. Then, repeating such a measurement multiple times 
and integrating the detection results thereof allows the time-resolved 
waveform of detected light to be used for a TRS method-based 
measurement of internal information of a scattering medium to be 
obtained. Here, the trigger circuit 50 may control not only the signal 
processing circuits but also, for example, the operation timing of 
shutters provided between the detection probes and the photodetectors. 
Also, in the case of using a photodetector having a gating function, the 
trigger circuit 50 may control the timing of a gating operation for 
switching the photodetector ON and OFF instead of the shutter. 
[0101] The effect of the scattering medium measuring apparatus and 
measuring method according to the above-described embodiment will 
be described below. 

[0102] In the measuring apparatus and measuring method shown in 
FIG. 16 and FIG. 17, a plurality of measuring modules are installed- to 
achieve a multichannel scattering medium measurement. Also, using 
pulse light and synchronizing the irradiation timing of pulse light and 
the detection timing of light with each other allows for a TRS method- 
based measurement. 

[0103] In addition, the two measuring modules 1 and 2 are adapted to 
irradiate and detect light at different timings. This allows crosstalk 
between adjacent channels to be suppressed even in the case of 
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arranging the measuring modules 1 and 2 of the adjacent channels 
closely to each other on a scattering medium SM. Further, since 
measuring modules are allowed to be arranged closely to each other, it 
is possible to make a measurement at a desired spatial resolution 
without a spatial restriction. 

[0104] Also, the measuring apparatus and measuring method according 
to the above-described embodiment goes once through a measurement 
of irradiating and detecting light successively using N pieces (2 pieces 
in the example shown in FIG. 16) of measuring modules, and then 
repeats the measurement multiple times to make a time-resolved 
measurement of detected light. Thus, switching a plurality of 
measuring modules one by one to make a measurement successively 
suppresses the difference in measurement timing between measuring 
modules down to about the interval AT of the irradiation timing of 
pulse light. This allows for a measurement of internal information of 
the scattering medium in a sufficient real-time manner in response to 
the change of internal information. 

[0105] The scattering medium measuring apparatus and measuring 
method according to the present invention is not restricted to the above- 
described embodiments, and various modifications may be made. For 
example, the number of light detecting means (detection probes) to be 
provided in each measuring module may appropriately be one or more. 
The specific arrangement of irradiation probes and detection probes 
may also be changed variously. 

[0 1 06] Further, with respect to the arrangement of the light irradiating 
means for irradiating a scattering medium with pulse light, it is 
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generally arranged, in such a configuration as shown in FIG. 16, that N 
pieces of light sources are installed to supply pulse light, respectively, 
to N pieces of the light irradiating means. Also, it is generally 
arranged, in such a configuration as shown in FIG. 1, that M pieces (M 
represents an integer of 1 or more to less than N) of light sources are 
installed to supply pulse light to a plurality of light irradiating means 
among N pieces of the light irradiating means. An optical switch, etc., 
may also be used for the switching of pulse light application. 
[0107] In addition, with respect to the arrangement of the light 
detecting means, it is arranged, in the above-described embodiment, 
that all the light detecting means (detection probes) are included in one 
measuring module. On the contrary, it may be arranged that part of 
the light detecting means provided in each measuring module is shared 
by a plurality of measuring modules. 

[0108] FIG. 18 shows such an example of arranging measuring 
modules. In this example, one detection probe 41 is shared by a first 
measuring module 1 including an irradiation probe 11 and a second 
measuring module 2 including an irradiation probe 2 1 . 
[0109] FIG. 19 is a block diagram showing an exemplary variation of 
the configuration of the measuring apparatus shown in FIG. 1 when 
using the probe arrangement shown in FIG. 18. FIG. 20 is also a 
block diagram showing an exemplary variation of the configuration of 
the measuring apparatus shown in FIG. 16 when using the probe 
arrangement shown in FIG. 18. Here, the components having the 
same configurations as those shown in FIG. 1 and FIG. 16 are omitted 
in FIG. 19 and FIG. 20. 
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[0110] In the arrangement examples above, in response to the 
arrangement that the detection probe 41 is used for the detection of 
light from both the irradiation probes 1 1 and 21, there are provided two 
memories, i.e., a first memory 46 to be used for a measurement in the 
measuring module 1 and a second memory 47 to be used for a 
measurement in the measuring module 2 as a histogram memory to be 
provided behind the shutter 41a, photodetector 40, signal processing 
circuit 42, and A/D converter 43. Also, between the A/D converter 43 
and the two memories 46 and 47 is provided a selector 45. 
[0111] In such an arrangement, a trigger signal sent from the trigger 
circuit 50 to the signal processing circuit 42 for detection timing 
instruction of light enters the selector 45. The selector 45 sorts digital 
data from the A/D converter 43 into the memories 46 and 47 depending 
on which of the irradiation probes 1 1 and 21 irradiates the pulse light in 
accordance with an instruction signal from the trigger circuit 50. 
Accordingly, even if the detection probe 41 is shared by the measuring 
modules 1 and 2, it is possible to obtain data corresponding to the 
respective modules separately. 

[0112] Thus, with respect to the arrangement of the light detecting 
means, it may be arranged variously including the arrangement that 
part of the light detecting means is shared by a plurality of measuring 
modules. Also, with the arrangement that a detection probe is shared 
and that one probe is used both as an irradiation probe and a detection 
probe, it is possible to increase the number of measurement data to be 
obtained. 

[0113] FIG. 21 is a view showing another example of arranging 
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measuring modules in relation to a scattering medium. Here, in the 
arrangement examples (a) to (c) of FIG. 21, the dashed lines connecting 
probes indicate measuring points (data obtaining sections) at which 
measurement data can be obtained. Also, the distance between 
adjacent probes is 3cm. The arrangement examples (a) to (c) of FIG. 
21 have the same arrangement that four irradiation probes (open 
circles) are arranged inside, while twelve detection probes (filled 
circles) are arranged outside, with the difference in conditions such as 
the sharing of detection probes. 

[0114] In the arrangement example (a) of FIG. 21, the four inside 
probes are used only as irradiation probes, and the twelve outside 
detection probes are each related to one irradiation probe. In this case, 
the number of measuring points at which measurement data can be 
obtained is 12. Also, in the arrangement example (b), the four inside 
probes are used both as irradiation probes and detection probes. In 
this case, the number of measuring points is 14, which is greater than 
that in the arrangement example (a) by 2. 

[0115] Further, in the arrangement example (c), the four inside probes 
are used both as irradiation probes and detection probes, and each 
detection probe is shared by a plurality of irradiation probes (measuring 
modules). In this case, the number of measuring points is 26, which is 
still greater than that in the arrangement example (b) by 12. Thus, the 
sharing and combinational use of probes increases the number of 
measurement data to be obtained, which meets the imaging conditions 
more suitably. 

[0116] However, in the arrangement that the probes are used both as 
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irradiation probes and detection probes as shown in the arrangement 
examples (b) and (c) of FIG. 21, since it is necessary to stop the 
function of the probes as detection probes when used as irradiation 
probes, it is preferable to use a PMT capable for switching the power 
supply ON and OFF at high speed. Also, in the case where each 
detection probe is shared by a plurality of measuring modules as shown 
in the arrangement example (c), in order to sort data at high speed, it is 
preferable to store data by switching memories, etc., sequentially not 
on a software level but on a hardware level. 
Industrial Applicability 

[0117] The present invention is available as a scattering medium 
measuring apparatus and measuring method capable of suppressing 
crosstalk between channels without a spatial restriction. 
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